List of abbreviations: AC-abdominal circumference; BMI-body mass index; BP-blood pressure; DBP-diastolic blood pressure; HF-high frequency; HR-heart rate; HRV-heart rate variability; LF-low frequency; pNN50: percentage of adjacent R-R intervals with a duration difference of > 50 ms; TP-total power; RMSSDsquare root of squared mean of differences between adjacent normal R-R intervals; SBP-systolic blood pressure; SD1-standard deviation of the instantaneous beat-to-beat variability; SD2-long-term standard deviation of the continuous R-R intervals; VLF: very low frequency; WC-waist circumference. Background: Obesity triggers alterations in hemodynamic and autonomic control. There are few studies that investigate the effects of overweight and obesity in early adulthood on hemodynamic and autonomic variables.
Introduction
Each year, about 2.6 million people die from obesity-related problems around the world. Global epidemiological statistics revealed that the prevalence of overweight and obesity in men was 36 .9% in 2013 [1] . The obesity epidemic is associated with a plethora of health issues, which also affect children and adolescents [2] . Obesity contributes to the development of high blood pressure (BP), insulin resistance, and alterations in postprandial lipemia [3] . Neurophysiologically, obesity leads to reduced vagal nervous activity and maintenance or an increase in sympathetic nervous activity. Both affect heart rate (HR) and the baroreflex system, which detects and responds to changes in BP and corollary arterial dispensability and regulates HR accordingly [4] . The cardiac autonomic modulation (e.g., heart rate variability (HRV)) is partly controlled by body position. Relative to seated and standing positions, vagal nervous activity intensifies in supine position because the sympathetic nervous system signals peripheral vasoconstriction to ensure sufficient venous return to the heart [5] . This neurophysiological feedback mechanism is perturbed in obese children and adolescents, who exhibit decreased cardiac vagal activity and increased cardiac sympathetic activity in supine position [6, 7] . However, eutrophic and obese children in standing and supine position do not show differences in HRV [8] . On the other hand, obese young adults exhibit a reduction in cardiac vagal activity and an increase in cardiac sympathetic activity in the supine position compared to their eutrophic counterparts [9] . Accordingly, the elevated cardiac sympathetic activity in a seated [10] or standing position [8] versus horizontal position may be exacerbated in obese individuals, even when no increase in cardiac sympathetic activity is observed in the supine position in this population. In addition, different markers of metabolic syndrome negatively influence HRV indices [11] , as was observed in prepubescent children in whom visceral fat was related to decrease vagal nervous activity [7] . The body mass index (BMI) and BP were inversely associated with HRV in obese individuals [12] , but this relationship was absent in overweight prepubescent children [7] .
The number of studies that have analyzed overweight and obesity variables, metabolic syndrome markers, and cardiac autonomic modulation in children and young adults is limited. Existing research has mainly focused on treatment instead of integrative physiology on children and adolescents [7, 13] , and on non-representative cohorts such as middle-aged adults diagnosed with hypertension [14] and diabetes [15] . Presently it is unclear whether overweight and obese young adults with an otherwise healthy phenotype have reduced cardiac autonomic modulation in seated and supine positions. Obese sedentary individuals typically adopt the seated and supine position for a large part of the day. Neurologically driven cardiovascular issues as a result of the metabolic syndrome may hence have an early onset in these individuals [11] . Changes in cardiac autonomic modulation precede insulin resistance at the onset of metabolic syndrome [16] and increase the risk of the first cardiovascular event in individuals without cardiovascular disease by 32-45% [17] .
The aim of this study was therefore to determine whether overweight and obesity in young individuals in supine and seated positions is associated with perturbations in cardiac autonomic modulation and hemodynamic parameters compared to eutrophic controls. The relationship between cardiac autonomic, hemodynamic, and anthropometric parameters in both positions was studied by correlation analysis. The outcomes of this study assist in determining the effect of obesity-related metabolic complications on cardiac autonomic control.
Methods

Subjects and study design
The study was approved by the ethics committee on human research of the Julio Müller University Hospital under protocol number 391017/2013. Subjects who met the inclusion criteria and agreed to voluntarily participate in the study provided written informed consent prior to inclusion in the study.
The inclusion criteria were: (1) male sex, (2) willingness to provide information on family medical history, disease status, and use of medication during an anamnesis, (3) exhibiting physical activity reflective of otherwise good health (aside from being overweight or obese), and (4) the subjects were non-trained. A trained state was defined by engaging in regular exercise (performing a weekly routine containing at least two exercise sessions for a period longer than 30 days) for at least 4 months prior to the start of the study. The exclusion criteria were a BMI of < 18.5 kg/m 2 or ≥ 40 kg/m 2 , tobacco use, and use of any medication that could interfere with the studied variables: anti-depressant drugs, alpha and beta adrenergic blockers, thermogenic agents, angiotensin receptor antagonists, ACE blockers, diuretics, and any other antihypertensive medication.
The cohort consisted of 40 healthy, non-trained, male volunteers who were divided into 3 groups according to their BMI [18] : eutrophic (BMI 18.5-24.9 kg/m 2 ; 20.8 ± 0.4 years; N = 19), overweight (BMI 25.0-29.9 kg/m 2 ; 21.9 ± 0.7 years; N = 10), and obese (BMI 30.0-39.9 kg/m 2 ; 22.4 ± 0.4 years; N = 11).
An overview of the study design is provided in Figure 1 .
Procedures and morphometry
All procedures were performed at the NAFIMES Center for Physical Fitness, Computers, Metabolism, Sport, and Health of the Physical Education College of the Federal University of Mato Grosso. Subjects were instructed to eat 2 h before the beginning of procedures and to avoid physical exercise, stimulating foods and drinks such as alcohol and caffeine, and dietary supplements that affect the cardiovascular system and hemodynamics during 24 h prior to their visit to the laboratory. Measurements were performed on single individuals.
Body mass (CAMRY EB9014, São José, Santa Catarina/ Brazil) and height (SANNY stadiometer, ES2060, SBC, São Paulo/Brazil) were recorded for BMI determination. Waist (the smallest circumference of the thorax) and abdominal (the umbilical level) circumference (CARDIOMED measurement tape) were measured to determine the cardiometabolic risk. Both circumferences predict the risk of developing of cardiovascular diseases, even after adjusting for BMI and several other cardiometabolic risk factors [19] . Next, participants were randomly asked to maintain a supine or a seated position in a silent and climatized room with a range of 22 and 25 °C for all experiments, while maintaining their usual breathing pattern. Seated subjects were instructed to keep the arms relaxed, the body leaning back, keeping hip and knees at a 90 degree angle, and the feet flat on the ground. Subjects in supine position were instructed to relax, keep the arms alongside the body, with elbows and knees extended. The subjects were requested not to speak, move, or sleep during the assessment period. Each body position was maintained for 10 min, 5 min to stabilize the HRV and 5 min to record the R-R intervals followed by two measurements of BP over a period of 4 min. The position was changed immediately after completing measurements in the first position.
Blood pressure and heart rate variability measurements
BP was measured twice on the left arm by the oscillometric method (model BP3T0-A, Microlife, Widnau/Switzerland) after 10 min in each body position, with an interval of 2 min between measurements. When the BP values differed by > 5%, a third measurement was performed, and the last two values were averaged. In the seated position the left arm was placed at the height of the heart in relaxed state.
The HRV index was obtained non-invasively using a HR monitor (model RS800cx, POLAR, Kempele/Finland) that records the R-R intervals, reflecting the vagal and sympathetic components. This approach enables the assessment of the cardiac autonomic nervous system. The smaller the HRV, the lower the cardiac vagal activity and/or higher the cardiac sympathetic activity. The monitor records the R-R intervals using diverse analytical approaches for HRV determination, including analyses in the frequency domain and time domain [20] . The results acquired with a non-invasive HR monitor are in good agreement with results obtained by electrocardiography [21] .
The HR monitor strap was placed on the chest over the lower third of the sternum and the HR receiver was placed near the subject. After a 5 min rest phase in the respective body position, the R-R intervals were recorded during 5 min as described in Task Force [22] . Artifacts and ectopics beats were removed from the R-R interval recordings using a moderate filter. HRV analysis was performed with Kubios HRV analysis software (Biosignal Analysis, University of Kuopio, Kuopio, Finland) using the autoregressive model in the time domain and frequency domain.
An exhaustive list of measured and calculated parameters is provided in Table 1 .
Statistical analysis
Statistical analysis was performed in SPSS software version 20.0 (IBM, Armonk, NY/USA) and GraphPad Prism 6 version 6.01 (GraphPad Software, La Jolla, CA/USA). Descriptive data are present as mean ± standard error of the mean (SEM). Heart rate-derived non-linear variables SD1 (ms) Standard deviation of the instantaneous beat-to-beat variability Cardiac parasympathetic activity [22] SD2 (ms) Long-term standard deviation of the continuous R-R intervals HRV (long-term) [22] Heart rate-derived time domain variables RMSSD (ms) Square root of squared mean of differences between adjacent normal R-R intervals Cardiac parasympathetic activity [22] pNN50 (%) Percentage of adjacent R-R intervals with a duration difference of > 50 ms Cardiac parasympathetic activity [22] Heart rate-derived frequency domain variables
The variance of NN intervals over the temporal segment Parasympathetic activity [23] VLF (Hz) Very low frequency component; 0-0.04 Hz Undefined LF (Hz) Low frequency component; 0.04-0.15 Hz Cardiac sympathetic and parasympathetic activity [22] LF n.u.
LF power in normalized units (LF/(total power-VLF)) × 100 Cardiac sympathetic and parasympathetic activity [22] HF (Hz)
High frequency component; 0.15-0.4 Hz Cardiac parasympathetic activity [22] HF n.u. HF power in normalized units (HF/(total power-VLF)) × 100 Cardiac parasympathetic activity [22] LF/HF (unitless) Ratio between low and high frequency components Sympatho-vagal balance [22] The quantitative data were tested for normality using the Shapiro-Wilk test and Levene's test for equal variance analysis. To assess differences between experimental groups was used One-way ANOVA with Bonferroni post-hoc test. To assess differences between experimental groups and body positions, a mixed repeated measures ANOVA with Bonferroni post-hoc test was employed. The Kruskal-Wallis test with Dunn's postcorrection were used for the analysis of nonparametric data. Cohen's d was used as a measure of effect size for the main effects of inter-group differences (dgroup) and between-position differences (dposition). Cohen [24] suggested that effect sizes of 0.2-0.49 are small, 0.5-0.79 are medium, and ≥0.8 are large. Pearson's and Spearman's rank correlation analysis were employed to determine the relationship between parametric and nonparametric variables, respectively. Thresholds of 0.1, 0.3, 0.5, 0.7, and 0.9 for small, moderate, large, very large, and extremely large correlation coefficients were used [25] . A p-value of ≤0.05 was considered statistically significant.
Results
Anthropometric parameters
The anthropometric data of the BMI-stratified groups are presented in Table 2 . There were no intergroup differences with respect to age and height. In line with the body mass and BMI, the waist (WC) and abdominal (AC) circumferences were in the order of obese individuals > overweight individuals > eutrophic individuals.
Hemodynamic variables
The hemodynamic and cardiac autonomic parameters obtained in the supine and seated positions in all groups are presented in Table 3 . The HR and LF n.u. were higher in seated position compared to supine position irrespective of BMI class (dposition= 2.04 and 1.32, respectively), whereas the SD1, pNN50, and HF n.u. were lower in the seated versus supine body position (dposition= 1.62, 1.74 and 1.57, respectively). In obese subjects only, SD2, RMSSD, TP, VLF were lower in seated subjects compared to subjects in supine position (dposition = 0.92, 1.06, 0.68 and 0.50, respectively). With respect to intergroup differences, HR and SBP were higher in obese subjects in both positions compared to eutrophic subjects, but did not differ between the overweight and obese group regardless of the position (dgroup= 0.96 and 1.70, respectively). The SBP was also higher in overweight supine subjects compared to matched controls. In seated obese subjects, the SD1, SD2, RMSSD, and pNN50 were lower relative to seated eutrophic subjects (dgroup= 0.85, 0.67, 0.86 and 1.06 respectively).
Correlation between anthropometric, hemodynamic, and cardiac autonomic variables in supine position
The correlation between hemodynamic, anthropometric, and autonomic parameters in the supine position is presented in Table 4 . There was a moderate-to-large positive relationship between hemodynamic variables (HR, SBP, DBP) and anthropometric variables (body mass, BMI, waist circumference, abdominal circumference). Moreover, HR was negatively correlated (moderate) with cardiac parasympathetic activity (SD1, RMSSD, pNN50). There was an inverse relationship between cardiac parasympathetic activity and anthropometric variables, as evidenced by the moderate negative correlation between the pNN50 and body mass, BMI, and waist circumference as well as by the moderate negative correlation between HF and BMI.
Correlation between anthropometric, hemodynamic, and cardiac autonomic variables in seated position
In the seated position the relationships between hemodynamic, anthropometric, and autonomic parameters were more pronounced compared to the supine position (Table 5 ). In line Table 5 . Correlation analysis between hemodynamic, anthropometric, and autonomic parameters in seated position (N = 40). with extensive literature [9, 26, 27] , all tested hemodynamic parameters exhibited a strong positive correlation with anthropometric variables.
The relationship between hemodynamics and autonomic variables was mainly negative. For example, HR was inversely related (moderate to large) to multiple cardiac parasympathetic activity variables (SD1, RMSSD, pNN50, TP, HF, and HF n.u.) and HRV (SD2), with the exception of LF and sympathovagal balance (LF/HF ratio), where a positive relationship was found. BP chiefly followed the same trend, and was additionally negatively correlated (moderate) with VLF and LF (cardiac sympathetic and parasympathetic activity [22] ).
Lastly, all anthropometric parameters were inversely correlated (moderate to large) with SD1, SD2, RMSSD, pNN50, TP, LF, and HF, further underscoring the more significant impact of the seated position on physiology, and mainly the autonomic nervous system in terms of cardiac sympathetic and parasympathetic activity.
Discussion
The main results of this study were that (1) young obese individuals have a higher HR and SBP regardless of body position compared to eutrophic controls; (2) young obese subjects exhibit lower vagal activity in the seated position compared to eutrophic individuals; (3) autonomic parameters are not as exacerbated in young overweight people as in their obese counterparts, although overweight subjects experience comparably elevated SBP in supine position as obese individuals compared to eutrophic controls; and (4) the anthropometric and hemodynamic parameters are negatively associated with cardiac vagal activity, especially when seated.
Similar results have been reported for young obese people (~20 years old) in supine body position. These individuals exhibited higher SBP and HR and lower HRV and cardiac vagal activity when compared to their eutrophic counterparts [9, 28, 29] . These responses have been mirrored in other age groups as well, such as obese children and teenagers, who displayed lower HRV and cardiac vagal activity in supine position [28] [29] [30] . Obese middle-aged adults had higher SBP in orthostatic position and lower cardiac vagal activity in supine position [31] .
Studies suggest that the activity of cholinergic anti-inflammatory mechanism mediated by the vagus nerve could be evaluated by HRV [32, 33] . Corroboratively, the CARDIA study [34] found that HRV in seated position is inversely associated with a pro-inflammatory state in young adults. In obesity, the reduction in vagal activity and its cholinergic anti-inflammatory action may imply an increase in inflammation and metabolic complications [35] . In addition, the increase in SBP and DBP was associated with decreased vagal nerve activity in seated position in our study. Cardiac vagal activity has an important function in hemodynamic homeostasis, as evidenced by compromised BP stability in the absence of cardiac vagal activity [36] . These findings may explain, in part, that cardiac vagal activity is negatively associated with insulin, glycemic and lipid profiles, SBP, DBP, and HR in different groups and pathologies [11, 15] . The lower cardiac vagal activity in young obese people precedes the increase in cardiac sympathetic activity. Autonomic cardiac dysfunction reduces left ventricular function, mechanic and electrical ventricular function, and coronary flux as is commonly observed in patients with heart failure [37, 38] . The vagus nerve stimulation technique [39] results in partial reversal of these pathological symptoms in subjects with heart failure 12 months after stimulation therapy. Specifically, the symptom reversal is characterized by an increase in cardiac vagal activity and HR reduction [40] , reduced sympathetic nervous system activity in healthy individuals [41] . These data show the importance of vagal activity in the treatment of cardiovascular diseases.
Although the young obese subjects had lower cardiac vagal activity, adjustments in autonomic cardiac modulation following the change in body position were observed between groups, corroborating results found in adults between 18-35 years who changed from prone to seated position [10] . This decrease of the HRV in the seated position occurs due to a lower venous return that results in the reduction of vagal nervous activity and increased sympathetic nervous activity, with a consequent increase in HR to maintain an adequate cardiac output and blood flow to the brain [10] .
The change from supine body position to standing body position leads to baroreflex adjustments that result in decreased vagal nervous activity and increased HR [42] . The magnitude of adjustments in autonomic modulation obtained in this study (SD1, pNN50, LF n.u., and HF n.u. indices in all groups), and probably in baroreflex control, can be lower with the changed of seated to supine position than the adjustments obtained to the changed of the standing to supine position, for example.
Our results appear to demonstrate loss of baroreflex sensitivity in overweight and obese young people with changing body position. However, SD1, SD2, RMSSD, and pNN50 were lower in seated position in obese individuals compared to eutrophic individuals. These findings may be related to decreased/lossed baroreflex control, reducing the cardiac vagal activity [43] , and worsen with increased carotid arterial stiffness [44, 45] . Given that baroreceptors are mainly stretch receptors, carotid arterial stiffening, a common condition in obese individuals [44] , may reduce the stimulation of baroreceptors in response to changes in BP in consequence to the lower arterial compliance [45] .
The body mass, BMI, waist and abdominal circumferences were negatively correlated with SD1, SD2, RMSSD, pNN50, TP, LF, and HF corroborating Lee et al. [46] revealing that vagal nerve activity negatively associated with intramuscular ectopic fat measured in thigh. Koenig et al. [47] observed a negatively correlation between cardiac vagal activity indices (pNN50 and RMSSD) with BMI, waist circumference, and waist-to-height ratio in 8,538 participants between 30 and 50 years old.
The associations between BMI and waist and abdominal circumference and cardiac autonomic indices occurred mainly in the seated position, suggesting that this position triggers the most profound changes in cardiovascular system function in obese individuals. Laederach-Hofmann et al. [12] analyzed HRV in seated position in middle-aged individuals classified from overweight to morbidly obese using frequency-domain indices, and observed that the higher BMI and waist circumference are related to lower LF index, and the higher waist-hip ratio to lower HF index.
Data from Kim et al. [48] , Nemezio et al. [49] , and Farah et al. [50] reinforce our data. The HRV indices in the supine position are not the most sensitive measures of changes in cardiac autonomic modulation in overweight and obese individuals. Instead, the analyses seem to perform better in the seated position. The lower venous return in the seated position (due to the greater influence of gravity) may require more refined control of circulation compared to the supine position [51] . This translates to more profound changes in cardiac autonomic modulation in obese individuals.
However, the fat mass and fat mass percentage exhibited a negative correlation between some of the HRV indices in overweight and obese children in supine position [19] . Conversely, BMI was negatively correlated with RMSSD and pNN50, but not with the indices in the frequency-domain [46] . Likewise, body weight and waist circumference, but not BMI, were significantly correlated with indices of HRV and cardiac vagal activity in supine position [47, 52] . Therefore, the supine position to a lesser degree than the sitting position also shows an association of the anthropometric parameters with the cardiac autonomic modulation.
With respect to BP, high values in the overweight and obese group in supine position were found. Moreover, a significant relationship was found between body mass, BMI, and waist and abdominal circumference and BP at both positions. Similarly, overweight young adults with metabolic syndrome exhibited a higher BP relative to their eutrophic pairs, but the muscular sympathetic nerve activity was not different [53] , evidencing the effect of excess body mass on blood pressure even in the absence of sympathetic over activity.
Kappus et al. [44] ascribed the higher BP in young obese people to higher carotid intima-media thickness and carotid arterial stiffness, while Lee et al. [46] reported the higher BP in overweight people may be related to high intramuscular ectopic fat. The larger size and greater number of fat cells augment the excretion of angiotensinogen [54] and consequently the production of angiotensin-I and angiotensin-II. These peptide hormones regulate physiological processes that result in increased BP, namely by promoting systemic vasoconstriction and the release of aldosterone by the gland, which affect kidney function by modulating renal perfusion and increasing sodium and water reabsorption [55] .
Our study comes with limitations. Firstly, we did not monitor any variables when changing between the positions, which could yield additional information regarding accommodative changes in these autonomic indices. We chose to assess the maintenance period in these positions because sedentary individuals remain in the supine or seated positions for long periods. Nevertheless, we advocate follow-up studies that evaluate these positions for longer durations as well as autonomic adjustments in other positions following postural changes. In addition, an investigation into BP variability may yield additional information, given that the BP was higher in overweight and obese young people. Lastly, the small sample size is also considered a limitation of study.
Clinical implications
Measurement of HRV is non-invasive, easy, and can be performed at low cost. HRV has been investigated under different conditions as rest, during exercise, and in healthy people and patients with cardiovascular disease [11, 22] . A lowered HRV and vagal activity are associated with an increase in morbidity and mortality, negatively affecting ventricular function, coronary blood flow [29] , and endothelial function [56] . In our study, the seated position resulted in lower vagal activity, which was exacerbated in obese young people, and a higher BP. Accordingly, the seated position translates to a loss in cardiac autonomic control that may ultimately impair cardiac and endothelial function and augment the risk of morbidity in obese individuals. Consequently, HRV monitoring in the seated position enables us to better prognosticate metabolic complications of obesity in the context of cardiac autonomic control.
Conclusions
Obese but not overweight young people present some degree of cardiac autonomic impairment, but with the expected adjustments in cardiac autonomic modulation to supine and seated positions. However, overweight and obese young individuals exhibited elevated BP compared to eutrophic young people. Additionally, BMI, waist and abdominal circumference were associated with BP in both positions. These variables along with HR were negatively associated with HRV indices mainly in the seated position. Accordingly, the seated position seems to be more prone to trigger changes in cardiovascular system functions. Given the impact of obesity on HRV indices and BP, changes in lifestyle (physical exercise and diet) are recommended so as to reduce the risk of obesity-related cardiovascular morbidity.
